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Abstract 
One of the indices of a development, whose geographical distribution is uneven among the 
cities of Iran, is the health care index. The regional imbalance of development indices in most third 
world countries, acts as a center-periphery. Such that the farther we get from the center towards the 
border regions, the lesser the intensity of development becomes. Therefore, the marginal areas and 
border regions are always among the least developed regions of these countries. In this research, in 
order to identify and determine the degree of the development of the West Azerbaijan province 
cities which is one of the North West border provinces of Iran, 7 indices in public health care 
services for 2011 belonging to 17 cities were studied, and the results were evaluated using the 
numerical taxonomy technique. Data collection was performed using library method. The ranking 
results showed that Urmia city is the most developed city and in the next stage, cities of Khoy and 
Miandoabare of cities with average to high enjoyment degrees. The least enjoyments belong to 
Oshnavie, Poldasht, Chaipare and Shot cities. The other cities also do not have appropriate positions 
in this index. Therefore, this province, as a frontier and disadvantaged province, has a long journey 
towards achieving sustainable development. It's necessary to adopt balancing regional policies and 
optimally distribute facilities. 
Keywords: Development, numerical taxonomy, public health care services, West 
Azerbaijan, Iran.  
Introduction 
Despite the fact that the existence of inequalities and imbalances are of the traits of the world 
that we live in, still, much effort has been put to reduce these inequalities as an ideal plan in a global 
scale, to the extent that the Habitat conference in 2001, introduced the reduction of inequalities as 
one of the main components and outlines of achieving sustainable development (Alberto &Vergote, 
2005). From this perspective, the equitable distribution of facilities and development yields, among 
the majority of the population, is one of the features of a healthy and dynamic economy (Friedman, 
1966). In terms of possessing different indices of development, Iran, as one of the developing 
countries, has a wide range of differences. 
Regional inequalities and imbalanced distribution of facilities and services, is of the 
significant features of Iran as a third world country (Nazarian, 1995). Geographically, these 
imbalances have a center-periphery mode. Such that as we move away from Iran's center towards 
the outer parts and border regions, the intensity of development is reduced (Kalantari, 1998). This 
feature is not unique to Iran and almost all developing countries, have border regions which face 
regional underdevelopment in areas of industry, economy and society (Sermak, 2007). A 
development index whose geographical distribution among the cities of Iran is always uneven, is the 
health care index (Pourrashno& et.al, 2013; Saraee & Sadeghifar et.al, 2014; Komaeezadeh, 2013; 
Jafari& et.al, 2012; Ghajarieh Sepanloo & et.al, 2003). Due to the importance of this index, one of 
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the topics of discussion in Bulletin of the World Health Organization (WHO), is the evaluation of 
health care inequality dimensions worldwide, which has been conducted in 4 different areas that 
include: Ethnic or racial character, economic status and income, social base and geographical 
location (Gwatkin, 2003). In border regions of third world countries, all these dimensions get 
together and cause-periphery differences. What matters in the provision of health services, is the 
issue of equity (Jui-fen, 2006; Rice & Smith, 2001), which is directly related to regional inequalities. 
Also, according to Gwatkin, geographical location is one of the main dimensions of health care 
inequalities in countries (Gwatkin, 2003).  
West Azerbaijan province is one of Iran's frontier provinces, whose borders, due to 8 years 
of Iran-Iraq war, Iraq and Azerbaijan crises, and ethnical conflicts in turkey, have become 
geographically insecure, and this province has achieved low development among the country's 
provinces (Mousavi, 2010).In order to create regional balance in terms of health care indices among 
Iran's marginal centers and regions, we need to identify the development level in different national, 
regional and local levels. Awareness of this issue is importance because any attention to it and any 
effort to eliminate the regional imbalances will form social justice which is of fundamental 
development goals (Harvey, 2009).For the identification of the different levels of development of 
the regions it's necessary to first, evaluate the current conditions in every region so that a regional 
plan can be devised to reduce or eliminate the differences (Hosseinzade Dalir, 2006).What the 
planners in these regions say is that, anything that can be measured and estimated, can also be 
controlled and managed (Litman, 2011). Therefore, in the present paper, the development level of 
the cities of West Azerbaijan has been measured using the numerical taxonomy method to identify 
the status of public health care services in border provinces.  
Theoretical principles of the research  
In recent years, the sustainable approach in the development ofregions, has changed into the 
most important intellectual policy of planners (Vilshair, 2007).This type of development, satisfies 
the current needs of the present generation without reducing the future generations' ability to satisfy 
their needs (Brundtland, 1987).Progress towards achieving sustainable development, involves all life 
indices in human settlements and isn't merely an economic matter (Barloy,1997).Therefore, 
sustainable development in all areas,is the main agenda for all the plans related to development and 
growth, and the continuity and accompaniment with human criteria, is the main feature of this kind 
of development (Vilshair, 2007). 
Health is a very important index for regions and a very good criterion for the analysis of the 
development level of a region. This index is directly related to development level. This issue is 
particularly true about public health care services (PHC), because the majority of society needs these 
services and the private sector, does not usually provide affordable facilities and options for 
population groups with low income. Therefore, equal access to public health services for various 
social groups in an equitable way with balanced geographical distribution of these services, is of 
important bases of social welfare.  
Equity in receiving health care services, is the minimization of avoidable inequalities in 
health and factors influencing it among groups of people enjoying different levels of social benefits 
and having different levels of power, wealth, credit and geographical location (Braveman, 
2014).This issue has always been studied by researches in various countries worldwide (Hendryx, 
2002).  
Although it's easy to say that a region is more or less developed than another region, still the 
quantification of development is not easy. In this area, the use of classification or ranking methods 
can be effective in the quantification of development.  
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Taxonomy plays the central role in the scientific discipline of systematics (Stuessy, 2009). 
Taxonomies are sets of is-a hierarchies, which allow aggregating low level data items into higher 
level concepts (Cagliero & Garza, 2013). Taxonomic methods have developed over time (Vane-
Wright, 2013). Taxonomy is a classification method that quantitatively shows development level. A 
special form of it is numerical taxonomy which, by definition is the numerical evaluation of 
similarities and closeness between taxonomic units and the ranking of those elements in taxonomic 
groups. Numerical taxonomy is the use of statistical and mathematicalmethods to group taxonomic 
units on the basis of their observable properties. One of its goals was to reduce the amount of 
subjectivity in the establishment of classifications by the use ofan explicit series of operations on a 
data matrix (Rohlf, 2013). 
Given that the most important step in planning is to determine development goals and reduce 
imbalances,it's possible to identify the direction and type of development by determining the degree 
of the development of each region via the mentioned method. 
Area of study 
West Azerbaijan province, with the inclusion of Urmia Lake is about 43660 square 
kilometers. This province is located in the North West of Iran and its center is the city of Urmia. In 
the eastern border of this province lies the Urmia Lake. West Azerbaijan province is Iran's 13th 
largest province which constitutes 2.2% of the total country's area. Among 18 cities of West 
Azerbaijan province, 9 of its cities are border cities which include:Oshnavie, Urmia, Poldasht, 
Piranshahr, Sardasht, Mako, Khoy, Chaldoran, Salmas.  
 Figure 1: Location of West Azerbaijan province in Iran 
Research method 
In terms of goal, the present study is of applied type and in terms of time, it is sectional, 
which was performed in West Azerbaijan cities in 2011.In this research, all West Azerbaijan cities 
are considered as the statistical population. The data needed for carrying out this research were 
collected from the statistical yearbook and the collection of economic, social and cultural indices 
and criteria of Azerbaijan in 2011, and in the end, in order to determine the development and 
rankings of the cities, the numerical taxonomy analytic model with the selection of 7 indices was 
used. Since the nature of this research is only related to public care services, only certain indices 
were selected to measure the minimum enjoyment. Therefore, additional indices were not selected. 
The selected indices can be seen in table 1.  
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Table 1: The indices used in the research 
code index 
C1 Population 
C2 Number of hospital beds 
C3 Number of physicians  
C4 Number of health houses 
C5 Number of rural health centers 
C6 Number of urban health centers 
C7 Number of rural cites 
Seven stages have been passed to carry out this research, including: 
1. Formation of the data matrix 
2. Formation of the standard matrix 
3. Calculation of combined distances among the cities 
4. Determination of the shortest distance 
5. Finding the convergent cities 
6. Calculating the development pattern 
7. Calculating the cities' degree of development 
Findings 
Formation of the data matrix 
In this stage which is the first stage of the taxonomy method, we form a matrix for the initial 
data, such that we draw a table, and place the indices in it. Then, we place the initial data in it and 
then calculate the standard mean and deviation of each column.  
Table 2:  Arranged data of 2011 
Town’s name C1 C2 C3 C4 C5 C6 C7 
Uromie 963738 1825 522 173 21 23 20 
Oshnavie 70030 25 22 28 3 2 1 
Bookan 224628 136 80 62 9 6 3 
Piranshahr 123639 61 27 44 9 5 3 
Poldasht 42071 20 7 13 2 4 3 
Tekab 78122 73 29 41 3 5 1 
Chaldoran 46398 25 26 33 2 2 2 
Chaipare 43202 32 17 15 3 5 4 
Khoy 354309 578 165 94 10 15 8 
Sardasht 111590 117 37 57 5 6 2 
Salmas 192591 163 71 63 3 8 4 
Shahindej 91113 86 38 48 4 4 3 
Shot 52519 10 12 11 2 7 3 
Mako 88863 118 75 93 7 9 3 
Mahabad 215529 250 85 63 6 10 3 
Miandoab 260628 256 99 92 7 12 9 
Naghade 121602 142 69 38 4 15 4 
Mean 181210.18 230.94 81.24 56.94 5.88 7.53 4.47 
Standard deviation 213693.33 433.63 120.52 39.96 4.70 5.25 4.52 
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Formation of the standard matrix 
Given the differences of the indices measurement units, here in order to remove different 
units and replace a single scale, we change each of the matrix elements as below and change the data 
matrix to the standard matrix. The standard quantity ܼ୧୨ is calculated from the equation below. Then 
the standardized entries of the data matrix are placed in a new matrix called the standard matrix. 
Such that ୨ܺ and ୨ܵ are mean and standard deviation of each column or index, respectively. The 
standard deviation of each column equals one and its mean equals zero.  
ܼ௜௝ ൌ
௑೔ೕష೉ഥೕ
ௌೕ                                                                                                                              (1) 
Table 3:  Standard matrix of 2011 
Town’s name C1 C2 C3 C4 C5 C6 C7 
Uromie 3.66 3.68 3.16 2.90 2.95 3.22 3.44 
Oshnavie -0.52 -0.47 -0.49 -0.72 -1.05 -0.61 -0.77 
Bookan 0.20 -0.22 -0.01 0.13 -0.29 0.66 -0.33 
Piranshahr -0.27 -0.39 -0.45 -0.32 -0.48 0.66 -0.33 
Poldasht -0.65 -0.49 -0.62 -1.10 -0.67 -0.83 -0.33 
Tekab -0.48 -0.36 -0.43 -0.40 -0.48 -0.61 -0.77 
Chaildoran -0.63 -0.47 -0.46 -0.60 -1.05 -0.83 -0.55 
Chaipare -0.65 -0.46 -0.53 -1.05 -0.48 -0.61 -0.10 
Khoy 0.81 0.82 0.70 0.93 1.42 0.88 0.78 
Sardasht -0.33 -0.26 -0.37 0.00 -0.29 -0.19 -0.55 
Salmas 0.05 -0.16 -0.08 0.15 0.09 -0.61 -0.10 
Shahindej -0.42 -0.33 -0.36 -0.22 -0.67 -0.40 -0.33 
Shot -0.60 -0.61 -0.57 -1.15 -0.10 -0.83 -0.33 
Mako -0.43 -0.26 -0.05 0.90 0.28 0.24 -0.33 
Mahabad 0.16 0.04 0.03 0.15 0.47 0.03 -0.33 
Miandoab 0.37 0.06 0.15 0.88 0.85 0.24 1.00 
Naghade -0.28 -0.21 -0.10 -0.47 -0.48 -0.40 -0.10 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Standard deviation 1 1 1 1 1 1 1 
Calculation of combined distances among the cities  
In this stage, we calculate the matrix of combined distances. The distance matrix is a 
symmetrical n × n matrix with a diameter of zero. We calculate the combined distances among the 
cities via the standard matrix for each index based on the formula below: 
            dabൌ √ܣଶ ൅ ܤଶ ൅ ܥଶ ൅ ܧଶa,b= 1,2,3,..., n                                                                          (2)      
Such that at first, we subtract the data of the first column from the second column's data and 
then subtract the data of the first column from the third column's data and continue doing this until 
we reach the end of the column, we do this for all the columns. Then horizontally, we multiply the 
obtained numbers by themselves and then calculate their square root. This way, the distance 
between each city to the next city will be obtained.  
 
 
 
 
 
  
    Social science section 
 
 
Openly accessible at http://www.european-science.com                                                     747 
 
Table 4: The combined distances of the cities 
The 
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6.62 9.677.72 8.76 8.95 10.4 9.959.209.706.6210.310.610.210.69.58 8.92 10.60.00 Uromie 
0.35 1.083.40 2.17 2.37 1.16 0.831.761.204.280.940.350.670.751.54 1.84 0.0010.5 Oshnavie 
0.83 1.351.99 1.03 1.23 2.22 1.391.361.092.612.042.081.682.240.83 0.00 1.848.92 Bookan 
0.83 1.172.48 1.47 1.57 1.76 1.101.590.973.231.541.681.371.740.00 0.83 1.549.56 Piranshahr 
0.38 1.073.33 2.23 2.54 0.58 1.041.771.434.270.380.690.920.001.74 2.24 0.7510.6 Poldasht 
0.56 0.822.92 1.62 1.83 1.00 0.561.230.683.790.950.700.000.921.37 1.68 0.6710.2 Tekab 
0.35 1.023.32 2.18 2.34 1.13 0.771.681.224.270.880.000.700.691.68 2.08 0.3510.6 Chaildoran 
0.38 0.873.03 2.01 2.34 0.51 0.951.601.303.980.000.880.950.381.54 2.04 0.9410.3 Chaipare 
2.61 3.301.36 2.22 2.49 4.02 3.542.743.210.003.984.273.794.273.23 2.61 4.286.62 Khoy 
0.55 0.762.35 1.09 1.22 1.41 0.550.880.003.211.301.220.681.430.97 1.09 1.209.70 Sardasht 
0.88 0.941.81 1.27 1.27 1.62 1.070.000.882.741.601.681.231.771.59 1.36 1.769.20 Salmas 
0.50 0.502.60 1.64 1.64 1.21 0.001.070.553.540.950.770.561.041.10 1.39 0.859.95 Shahindej 
0.51 1.123.12 2.42 2.42 0.00 1.211.621.414.020.511.131.000.581.78 2.22 1.1610.4 Shot 
1.05 1.721.70 1.05 0.00 2.42 1.641.271.222.492.342.341.832.541.57 1.23 2.378.95 Mako 
1.03 1.341.59 0.00 1.05 2.42 1.641.271.092.222.012.181.622.231.47 1.03 2.178.76 Mahabad 
0.36 2.410.00 1.59 1.70 3.12 2.601.812.350.363.033.322.923.332.48 1.99 3.407.72 Miandoab 
0.50 0.002.41 1.34 1.72 1.12 0.500.940.763.300.8710.20.821.071.17 1.35 1.089.67 Naghade 
Each element of the distances matrix shows the distance between two cities. In each line of 
this matrix, the shortest distance between two cities is identified and written in the separate column 
of d. Then, with the use of the below formula, the upper domain (ܦ௨) and the lower domain (ܦ௟) of the distances are calculated. It should be noted that the number 2, in equations below, shows the (Z) 
value of standard normal distribution which has been calculated in the 95% level. 
ܦ௨=ߤௗ+2ܵௗ                                                                                                                            (3) 
൦ܦ௜ ൌ
݀ଵ
݀ଶ⋮
݀௡
൪ 
ܦ௨=ߤௗ-2ܵௗ                                                                                                                             (4) Such that ߤௗand ܵௗ are mean and standard deviation of the d column.  
Identifying convergent parts 
Cities with distances between the two domains of (1) and (2) are called convergent cities and 
cities above (d+), are cities with no similarities in the development between them and other cities. 
Also, cities below (d-) are cities with distances below the extent that can show any difference 
between the two cities. All the cities above the d+ and below the d- domain, are removed, in terms 
of distance.  
As can be seen in the table below, the upper domain has been obtained as 4.10 and the lower 
domain as -1.85.Urmia city with a distance of 6.62 has no convergence with other cities because it 
exceeds the upper domain. Therefore, we remove Urmia.  
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Table 5: The upper and lower matrix domains 
4.10 +D: 1.12 AVG: 
-1.85 -D: 1.49 STD: 
The development pattern 
We obtain the development pattern from the convergent regions matrix. The development 
pattern formula is as follows:  
              cioൌ ඥ∑ሺܦ݅ െ ܦ݋ሻ^2                                                                                                        (5)            
Di= Numbers existing in the standard matrix 
Do= Ideal number of each column  
The smaller the value of cio, the more it shows the development of each city, and the more 
the value of cio, the more it shows the underdevelopment of the city.  
Table 6: The development pattern 
development 
pattern 
Total C7 C6 C5 C4C3 C2 C1 Town’s name 
8.75 76.58 13.71 13.63 6.638.8211.8015.349.65 Oshnavie 
5.64 31.81 7.71 6.530.141.374.179.882.01 Bookan 
7.07 50.04 7.71 8.070.143.3410.9913.446.35 Piranshahr 
8.75 76.56 7.71 9.768.658.7614.4115.6211.64Poldasht 
8.05 64.77 13.71 8.076.633.7510.6812.839.10 Tekab 
8.56 73.36 10.50 13.63 8.654.9711.1515.349.10 Chaldoran 
8.22 67.54 5.36 8.076.638.3412.6414.9611.55Chaipare 
0.46 0.21 0.21 0.000.000.000.000.000.00 Khoy 
7.03 49.46 10.50 6.533.381.839.4610.737.03 Sardasht 
5.85 34.17 5.36 3.956.631.285.108.733.12 Salmas 
7.41 54.94 7.71 9.764.872.839.3112.198.27 Shahindej 
8.44 71.29 7.71 5.168.659.2013.5116.1710.87Shot 
5.97 35.61 7.71 2.901.220.004.6810.698.41 Mako 
5.55 30.80 7.71 2.022.161.283.695.528.41 Mahabad 
3.29 10.83 0.00 0.731.220.012.515.321.05 Miandoab 
6.62 43.88 5.36 8.074.874.195.329.626.46 Naghade 
Calculation of the degree of development  
The degree of development is between zero and one. The closer it is to zero, the more 
developed the city is, and the closer it is to one, the more it shows the underdevelopment of the 
city.Table 7, shows the degree of development.  
Table 7: Enjoyment positions 
0-0.2 High enjoyment 
0.2-0.4 Above average enjoyment 
0.4-0.6 Average enjoyment 
0.6-0.8 Low enjoyment 
0.8-1 Least enjoyment 
We obtain the cities' development degree through the formula below:  
 ܨ ൌ ௖௜௢௖௢ ൌൌ
௉௔௧௧௘௥௡ௗ௘௩௘௟௢௣௠௘௡௧
஽௘௩௘௟௢௣௠௘௡௧௣௔௧௧௘௥௡௨௣௣௘௥ௗ௢௠௔௜௡                                                                       (6) 
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To proper display the degree of development, we act according to the following formula: 
             1-Fi                                                                                                                                     (7) 
Table 8: Determining the degree of development and enjoyment position of each Town 
Town’s name Fi 1-Fi Enjoyment position 
Oshnavie 0.79 0.21 Low enjoyment 
Bookan 0.51 0.49 Average enjoyment 
Piranshahr 0.64 0.36 Low enjoyment 
Poldasht 0.79 0.21 Least enjoyment 
Tekab 0.73 0.27 Low enjoyment 
Chaldoran 0.78 0.22 Low enjoyment 
Chaipare 0.74 0.26 Low enjoyment 
Khoy 0.04 0.96 Above average enjoyment 
Sardasht 0.64 0.36 Low enjoyment 
Salmas 0.53 0.47 Average enjoyment 
Shahindej 0.67 0.33 Low enjoyment 
Shot 0.76 0.24 Low enjoyment 
Mako 0.54 0.48 Average enjoyment 
Mahabad 0.50 0.50 Low enjoyment 
Miandoab 0.30 0.70 Above average enjoyment 
Naghade 0.60 0.40 Low enjoyment 
 
 
Figure 2: West Azerbaijan cities' development in terms of public health care services 
Conclusion 
One of the important development planning goals and aspects, is help underdeveloped 
regions and poorer social classes and distribute facilities and incomes equitably according to the 
relative advantages and disadvantages of the regions. Therefore, it's necessary to evaluate and 
measure the enjoyment and development degrees and strengths and weaknesses of different regions 
and to analyze the improvement or the lack of improvement of these regions. Therefore, in this 
research, the West Azerbaijan province cities were evaluated using 7 indices related to public health 
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services, and the numerical taxonomy technique was used to do this. The results showed that West 
Azerbaijan province is in poor conditions in terms of the degree of development, such that only the 
city of Urmiais in good conditions and only the two cities of Khoy and Miandoab are above average 
in terms of development. The other cities have low development and have similar positions.  
By comparing the degree of development obtained from the research model, it can be said 
that except Urmia and Khoy cities, all cities are almost at the same level and are very convergent in 
terms of exclusion. But, they certainly have imbalances with Iran's central provinces and particularly 
Tehran. West Azerbaijan province, due to its border position, is excluded from its most basic 
facilities such as public health care services, and only the city of Urmia as the province center and 
Khoy city as the second most populous city of the province and partially Miandoab city, are 
exempted from this generalization. The concentration of the facilities and services in the capital city, 
has resulted in the remoteness of Iran's border provinces from access to health services and also 
resulted in the underdevelopment of the borderlines. Therefore, it's recommended to adopt balancing 
policies and further allocate facilities and services to these regions.  
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